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ABSTRACT

BACKGROUND: Patients with glioblastoma multiforme (GBM) have a poor
prognosis and high likelihood of recurrence. Routine care for incident cases
in the United States involves surgical resection, followed by radiation therapy
(RT) with concurrent and adjuvant temozolomide. Real-world data reporting
the treatments and health care burden associated with GBM are limited.

OBJECTIVE: To assess patterns of care, health care resource utilization
(HCRU), and costs associated with treatment of GBM in the United States.

METHODS: This study is a retrospective claims database analysis. Adult
patients with a GBM diagnosis (index date) between January 1, 2010, and
June 30, 2016, who had undergone brain surgery within 90 days of the
index date, had received temozolomide and/or RT up to 90 days after index
date, and had at least 6 months of continuous enroliment before the index
date, were identified. Patients were excluded if they had (a) another primary
cancer within 6 months pre-index, (b) secondary brain metastases, or (c)
received temozolomide and/or RT pre-index. Baseline characteristics, treat-
ments, HCRU, and costs were reported. First-line therapy began upon first
receipt of RT and/or temozolomide after index date; second-line therapy
began when a new drug was added > 28 days after initiation of first-line
therapy or when there was a treatment gap >90 days. Treatment regimens,
duration of treatment (corrected group prognosis method), HCRU, and costs
were reported descriptively in the 0- to 6-month and 7- to 12-month periods
following initiation of first-line and second-line therapy.

RESULTS: Baseline characteristics were comparable between patients
receiving temozolomide and/or RT. Patients receiving RT without che-
motherapy tended to be older, be retired, and have more baseline
comorbidities. Of the 4,071 patients receiving first-line therapy for GBM,
most (73.0%) received temozolomide + RT; 24.4% received RT; and 2.5%
received temozolomide monotherapy. Of those receiving first-line therapy,
1,283 (31.5%) patients subsequently received second-line therapy: 39.4%
received bevacizumab monotherapy; 28.9% received bevacizumab combi-
nation therapy (temozolomide, 45.2% of patients; irinotecan, 24.3%; and
temozolomide + lomustine, 15.4%); 15.5% received temozolomide mono-
therapy; and 13.7% received other systemic cancer therapies. The propor-
tion of patients with hospitalizations increased from 2.9% (4-6 months
pre-index) to 20.8% in the 3 months before the index date (likely due to
diagnostic procedures) and 28.1% in the first 6 months after index (likely
due to surgery) and then decreased to 13.3% in the 7- to 12-month period
after index. Mean total per-patient costs at 6 and 12 months were $117,325
and $162,550 (first line) and $126,128 and $243,833 (second line ). Costs in
all time periods were largely driven by costs of RT/systemic cancer therapy.

CONCLUSIONS: Most patients with newly diagnosed GBM received treat-
ment according to recommendations. However, relatively few patients
received second-line therapy, and the HCRU burden and costs associated
with both lines of therapy were substantial. Novel therapies for GBM are
required to improve treatment options and outcomes in these patients.
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What is already known about this subject

* Glioblastoma multiforme (GBM) is an aggressive form of adult
brain tumor, with a high mortality and recurrence rate.

¢ The health care resource burden of patients with GBM in the
United States is known to be high, but how this varies over time
and line of therapy is not understood.

What this study adds

* Most treated patients (73%) receive first-line radiotherapy and
concurrent temozolomide, in line with clinical guidelines.

« A high proportion of patients have emergency department visits
(32%) and hospitalizations (28%) in the 6 months after diagnosis,
indicating the substantial health care resource burden associated
with GBM.

* Costs associated with first-line therapy for GBM are substantial,
particularly in the first 6 months, and these costs increase during
second-line therapy.

lioblastoma multiforme (GBM) is an aggressive form of

adult brain tumor, with a highly unfavorable prognosis

due to the near certainty of recurrence."* GBM is one of
the most fatal types of cancer, manifesting as a highly malig-
nant astrocytic tumor characterized by symptoms that include
cognitive impairment, neurologic deficit, and seizures, which
markedly lower life expectancy and diminish patients’ health-
related quality of life.!?

Risk factors for GBM include male sex, advancing age, white
or Asian race, and the presence of a low-grade astrocytoma.’
The overall prognosis among patients with GBM remains
bleak, with less than 5% of newly diagnosed patients surviving
beyond 3 years.*> Prognosis is considerably worse for patients
who experience recurrent GBM, with 6-month and 12-month
overall survival estimated to be 60%-70%°'° and 20%-30%.°"?
respectively. Despite the treatment options available to newly
diagnosed patients, more than 50% of patients with GBM expe-
rience recurrence within 7 months of undergoing treatment."
The current standard of care in the United States for newly
diagnosed patients with GBM consists of surgical resection, fol-
lowed by radiation therapy (RT) with concurrent and adjuvant
temozolomide treatment.’” Median survival from diagnosis
among patients receiving postsurgery RT-containing regimens
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has increased from 12 months to more than 14 months since
the introduction of temozolomide.'®

In the United States, the estimated mean annual incidence
of GBM is 3.2 cases per 100,000 persons, with a median age at
onset of 64 years.!” However, cost drivers and costs per line of
therapy for patients with GBM are not well described in the lit-
erature. One administrative claims database analysis reported
that brain cancer accounted for a mean total direct medical
cost per patient per month (PPPM) of $8,478 in the United
States (inflation adjusted to 2012).® To better understand the
burden of GBM, we sought to describe treatment patterns and
to quantify health care resource utilization (HCRU) and costs
over time by line of therapy in a recent cohort of patients with
GBM in the United States.

I Methods

Study Design and Setting

A retrospective cohort study of patients diagnosed with GBM
was conducted using data from Truven Health MarketScan
research administrative claims databases, consisting of 148
million covered individuals in the United States, including
those with private insurance as well as Medicare beneficiaries.
Patients were included if they (a) were aged 18 years or older;
(b) presented with a diagnosis of malignant neoplasm of the
brain (International Classification of Diseases, Ninth Revision,
Clinical Modification [ICD-9-CM] code 191.xx or International
Classification of Diseases, Tenth Revision, Clinical Modification
[ICD-10-CM] code C71.xx) between January 1, 2010, and June
30, 2016 (index date was defined as the GBM diagnosis date);
(¢) had undergone brain surgery within 90 days after diagnosis;
(d) had received temozolomide and/or RT up to 90 days after
diagnosis; and (e) had been continuously enrolled for at least
6 months before the index date. Patients were excluded from
this study if they (a) had a diagnosis of another primary cancer
(ICD-9/10 codes 140.xx-190.xx, 192.xx-195.xx, and 200.xx-
208.xx/C00.xx-C26.xx, C30.xx-C34.xx, C37.xx-C41.xx, C43.XX-
C58.xx, CO60.xx-C70.xx, C72.xx-C76.xx, C8l.xx-C85.xx, C88,
and C90.xx-C97.xx); (b) had a diagnosis of secondary
brain metastasis (ICD-9/10 codes 198.3/C79.3); (¢) had
received temozolomide and/or RT before the index date; or
(d) had received any off-label or nonstandard therapy as first-
line treatment. Follow-up time after the diagnosis was variable.

Study Outcomes
Demographic and clinical characteristics at baseline (i.e., predi-
agnosis) were obtained from the MarketScan database, includ-
ing age, sex, geographic location, patient residence, health plan
type, employment status, and Charlson Comorbidity Index
(CCI) score (assessing comorbidities in the 6 months before
diagnosis) and were reported descriptively.

The first observed line of therapy (first line) commenced
upon initial receipt of temozolomide and/or RT up to 90 days
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after GBM diagnosis. Agents and procedures used during each
line were identified by Current Procedural Terminology, 4th
edition (CPT-4) codes. The regimen used in each line was
considered to include all drugs given within 28 days. Line of
therapy ended when a new drug was added more than 28 days
after initiation of that line of therapy or if the time between
each treatment exceeded 90 days, regardless of whether there
was repetition of any previous therapy. Switching from one
platinum-based therapy to another was not considered the end
of a line of therapy.

HCRU and costs were identified by CPT-4 code and
assessed by line of therapy and were reported for the 6-month
pre-index period and for the 0- to 6-month and 7- to 12-month
periods following initiation of first-line and second-line ther-
apy. The 6-month pre-index period was split into 4-6 months
and 0-3 months pre-index to capture the increased HCRU
often seen in the 3 months before diagnosis. Total costs
as well as costs for the following categories were reported:
(@) medical services (outpatient, inpatient, emergency depart-
ment [ED], or other medical services); (b) pharmacy services
(retail or specialty pharmacy services provided under the phar-
macy benefit, excluding chemotherapy); and (¢) RT/systemic
cancer therapy. Paid amounts (excluding negative claims from
reversals) were used for calculating all health care costs incurred
by patients with GBM and reported in 2016 U.S. dollars.

Statistical Analyses

Means and standard deviations (SD) were reported for con-
tinuous demographic variables. Patient counts and percent-
ages were provided for categorical variables, including line of
therapy and treatment regimen. Follow-up time from the index
date and duration of treatment for each line of therapy were
reported in months (median and range). Duration of therapy
for each regimen class was estimated using corrected group
prognosis method to adjust for significant baseline variables,
and reported as median (range). All analyses were conducted in
SAS software package 9.4 (SAS Institute, Cary, NC).

B Results

Patient Characteristics

A total of 89,750 patients with a diagnosis code for malignant
cancer of the brain were identified (Appendix, available in
online article). Of these, 66,767 (74.4%) patients did not receive
surgery within 90 days after their brain cancer diagnosis, and
a further 9,926 (11.1%) patients did not receive temozolomide
and/or RT and, thus, were excluded. A final count of 4,071
(4.5%) patients met all study inclusion criteria. Mean (SD)
age was 54.9 (13.3) years, with most (71.8%) patients aged
35-64 years; 41.6% were women. Most patients resided in
urban neighborhoods (83.1%); 59.9% were identified as being
a member of a preferred provider organization insurance plan;
39.8% were active full-time employees; and 21.6% were retirees
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TABLE 1 Patient Characteristics at Baseline

Temozolomide +
All Radiotherapy Temozolomide Radiotherapy
(N=4,071) (m=995) (n=103) (n=2,973)
Age, mean (SD), years 549 (13.3) 571 (16.6) 478 (144 544 (11.8)
Age group, years, n (%)
18-34 350 (8.6) 118 (11.9) 20 (19.4) 212 (7.1
35-64 2,925 (71.8) 489  (49.1) 73 (70.9) 2,363 (79.5)
65-74 535 (13.1) 232 (23.3) 7 6.8) 296 (10.0)
>75 261 (6.4) 156  (15.7) 3 2.9) 102 34
Women, n (%) 1,693 (41.6) 445 (44.7) 39 (37.9 1,209 (40.7)
Region, n (%)
Northeast 742 (18.2) 200  (20.1) 18 (17.5) 524 (17.6)
North Central 1,091  (26.8) 274 (27.5) 26 (25.2) 791  (26.6)
South 1489 (36.6) 362 (364 35 (34.0) 1,092  (36.7)
West 683 (16.8) 146 (14.7) 20 (194 517 (174
Unknown 66 (1.6) 13 (1.3) 4 (3.9) 49 (1.6)
Patient residence, n (%)
Urban 3,385 (83.1) 802 (80.6) 88 (854 2495 (839
Rural 623  (15.3) 181 (18.2) 12 (117) 430  (14.5)
Unknown 63 (1.5) 12 (1.2) 3 .9 48 (1.6)
Medicare beneficiary, n (%) 746 (18.3) — - -
Plan type, n (%)
Health maintenance organization 393 0.7 71 7.1 16 (15.5) 306 (10.3)
Preferred provider organization 2439  (59.9 564 (56.7) 50 (48.5) 1,825 (61.4)
Other 1,117 Q274 322 (324 31 (30.1) 764  (25.7)
Missing 122 (3.0) 38 (3.8) 6 (5.8) 78 2.6)
Employment status, n (%)
Active full time 1,620 (39.8) 275 (27.6) 50 (48.5) 1,295 (43.6)
Active part time/seasonal 32 0.8) 6 0.6) 2 (1.9 24 0.8)
Retiree 881 (21.6) 344 (34.6) 10 ©.7) 527 a7.7)
Other/unknown 1,538 (37.8) 370  (37.2) 41 (39.8) 1,127 (379)
CClI score, mean (SD) 0.8 1.2) 0.9 (1.3) 0.5 1.1 0.8 (1.2)
CClI score, n (%)
0 2,071 (50.9 458  (46.0) 67  (65.0) 1,546  (52.0)
1-2 1,763  (43.3) 457  (45.9) 32 (31.1) 1274 (42.9
3-4 134 (3.3) 55 (5.5) 2 (1.9) 77 2.6)
>5 103 2.5) 25 2.5) 2 (1.9 76 (2.6)
CCI component, n (%)
Cerebrovascular disease 1,360 (334 347 (349 21 (204 992 (334
Diabetes 536 (13.2) 175 (17.6) 7 6.8) 354 (11.9
Chronic pulmonary disease 329 8.1 101 (10.2) 4 (3.9 224 (7.5)
Hemiplegia or paraplegia 313 7.7 81 8.1 7 6.8) 225 (7.6)
Congestive heart failure 121 (3.0) 45 (4.5) 4 3.9 72 Q4
Metastatic solid tumor 80 2.0 18 (1.8) 2 1.9 60 .0
Renal disease 76 (1.9 24 2.4 1 (1.0) 51 (1.7)
Peripheral vascular disease 68 1.7 29 .9 1 (1.0) 38 (1.3)
Myocardial infarction 56 a4 20 2.0 1 (1.0) 35 1.2
Liver disease 30 0.7) 9 0.9 2 1.9 19 0.6)
Rheumatic disease 27 0.7) 10 (1.0) 1 (1.0) 16 0.5)
Dementia 19 0.5) 6 0.6) 0 0.0) 13 04
Peptic ulcer disease 12 0.3) 5 0.5) 0 0.0) 7 0.2)
AIDS/HIV 4 (0.1) 0 (0.0) 0 (0.0) 4 (0.1)

AIDS = acquired immune deficiency syndrome; CCI=Charlson Comorbidity Index; CVD= cardiovascular disease; HIV=human immunodeficiency virus; SD=standard
deviation.
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Second-Line Therapy

Treatment Duration During the Initial 12 Months of Follow-Up According to First-Line Therapy and

A. First-Line Therapy
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All TMZ +BEV regimens were considered as BEV combination for the purpose of this analysis.

BEV =bevacizumab; RT =radiation therapy; TMZ = temozolomide.

(Table 1). Mean baseline CCI in the 6 months before diagnosis
was 0.8, and 50.9% of patients had a baseline CCI of 0 in this
period. The most common CCI comorbidities were diabetes
(13.2%), cerebrovascular disease (33.4%), and chronic pulmo-
nary disease (8.1%). Baseline characteristics were broadly simi-
lar for patients receiving temozolomide and/or RT in first line;
however, patients receiving RT only tended to be older (39.0%
of patients receiving RT only were aged 65 years or older,
compared with 9.7% and 13.4% of patients receiving temozolo-
mide only and temozolomide + RT, respectively), generally had
higher baseline mean CCI score (0.9, compared with 0.5 and
0.8 for the temozolomide only and temozolomide +RT groups,
respectively), and were more likely to be retirees (34.6% of
patients, compared with 9.7% and 17.7% for the temozolomide
only and temozolomide +RT groups, respectively).

Patterns of Care: Treatment Regimen

Of 4,071 patients receiving first-line therapy for GBM, the
median (range) follow-up time was 11.4 (0.5-81.7) months,
whereas the median (range) follow-up time from index for
second-line therapy was 17.3 (3.7-81.7) months. The majority
(73.0%; median [range] duration: 5.1 [0.1-48.6] months) of first-
line therapy patients received temozolomide +RT concurrently,
whereas 24.4% received RT (median [range] duration: 1.7 [0.0-
4.2] months) and 2.5% received temozolomide monotherapy
(median [range] duration: 6.4 [0.0-52.7] months). Among all
patients receiving first-line therapy, 1,283 (31.5%) received
second-line therapy. The most frequently used second-line
therapy was bevacizumab monotherapy (39.4%; median
[range] duration: 2.1 [0.0-42.8] months), followed by

bevacizumab combination therapy (28.9%; median [range]
duration: 3.9 [0.0-64.3] months), temozolomide monotherapy
(15.5%; median [range] duration: 3.8 [0.0-42.8] months), and
temozolomide combination therapy (2.4%; median [range]
duration: 4.3 [0.2-7.5] months). All other systemic therapies
combined accounted for 13.7% of second-line therapies (median
[range] duration: 1.4 [0.0-20.3] months). Among patients who
received second-line bevacizumab in combination with another
treatment, nearly half (45.3%) received bevacizumab +temo-
zolomide; a further 24.3% received bevacizumab +irinotecan;
15.4% received bevacizumab +temozolomide + lomustine; and
6.7% received bevacizumab + carboplatin. Several other second-
line bevacizumab combination regimens were identified, but
none accounted for more than 2.2% of all patients receiving
second-line bevacizumab combination regimens. For patients
receiving “other” systemic therapies in the second-line setting,
the most commonly used regimens were lomustine (38.6% of
patients) and lomustine + procarbazine (11.4% of patients). RT
was administered concurrently with systemic therapy in 13.6%
of patients receiving second-line therapy.

Analyses of duration of treatment by line of therapy are pre-
sented in Figure 1A and 1B, adjusted for significant baseline
variables (age, CCI, and employment status for first line and
CClI for second line). Almost all patients receiving first-line RT
were treated for fewer than 3 months (in line with the expected
treatment cycle of RT). Approximately half of patients receiving
first-line temozolomide (with or without concurrent RT) were
treated for fewer than 6 months, with approximately 15% of
patients still receiving therapy at 12 months. In the second-line
setting, bevacizumab combination therapy and temozolomide
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Health Care Resource Utilization by Line of Therapy and Time Period

Pre-Index Period (Time Before Diagnosis; N=4,071)

4-6 months (n =4,071)

0-3 months (n=4,071)

n % Mean SD n % Mean SD
Outpatient visits 2,681 65.9 2.63 3.86 3,569 87.7 4.85 4.92
ED visits 207 5.1 0.07 0.34 860 211 0.28 0.66
Hospitalizations 120 2.9 0.03 0.19 847 20.8 0.24 0.5
Length of stay - - 5.72 6.53 - - 3.82 3.58

Post-Index Period, First-Line Therapy (n=4,071)

0-6 months (n=1,360)

7-12 months (n=459)

n % Mean SD n % Mean SD
Outpatient visits 1,359 99.9 34.75 16.96 459 100 19.53 11.76
ED visits 440 32.4 0.67 2.3 91 19.8 0.3 0.72
Hospitalizations 382 28.1 043 0.84 61 133 0.16 045
Length of stay - - 5.57 5.28 - - 4.24 3.02

Post-Index Period, Second-Line Therapy (n=1,283)

0-6 months (n=297)

7-12 months (n=79)

n % Mean SD n % Mean SD
Outpatient visits 297 100 29.67 17.12 79 100 25.25 13.06
ED visits 100 33.7 0.58 1.04 22 27.8 0.48 0.95
Hospitalizations 54 18.2 0.24 0.6 13 16.5 0.25 0.69
Length of stay? — — 5.36 6.04 — — 4.85 3.3

aLength of hospital stay was assessed in patients with at least 1 recorded hospitalization.

ED=emergency department; SD = standard deviation.

monotherapy were the most commonly received therapies, with
approximately one third remaining on therapy at 6 months
and approximately 15% still receiving therapy at 9 months. At
12 months after second-line treatment initiation, the therapy
regimen with the greatest proportion of patients still receiving
treatment was bevacizumab combination therapy (=10%).

Patterns of Care: HCRU
During the 4- to 6-month pre-index period, 65.9% of patients
had 1 or more outpatient visits (mean [SD]: 2.6 [3.9] visits per
patient). In the 3 months before the index date, the proportion
of patients with outpatient visits increased to 87.7% (mean
[SD]: 4.9 [4.9] visits per patient). The proportion of patients
with an ED visit and hospitalization increased from 5.1% and
2.9% during the 4-6 months pre-index to 21.1% and 20.8% in
the 3 months before the index date, respectively (Table 2).
During the first 6 months of first-line therapy and in the
subsequent 7- to 12-month period, almost all patients with
follow-up had outpatient visits (99.9% and 100%, respectively).
The mean number of visits made during these periods were
much greater than in the pre-index period before diagnosis,
at 34.8 and 19.5 visits per patient, respectively (Table 2). The
proportion of patients incurring ED visits and hospitalizations
during the first 6 months after initiating first-line therapy also
increased to 32.4% and 28.1%, decreasing slightly in the subse-
quent 7- to 12-month period to 19.8% and 13.3%, respectively,

but remaining much higher than during either of the pre-index
periods. Although hospitalization rates increased substantially
during GBM treatment, hospitalization length of stay remained
similar before diagnosis and after treatment initiation.

Costs of Care

After the first 2 months of first-line therapy, mean PPPM costs
in the first line declined over the next 10 months. In the second
line, PPPM costs decreased after the first month of treatment
and then remained relatively stable for the next 12 months.
After 4 months, more than 50% of the patients initiating either
first-line or second-line treatment had been lost to follow-up.
At 12 months, only 12% of patients initiating first-line therapy
had follow-up; for patients initiating second-line therapy, the
percentage dropped to 8%.

Mean total per-patient costs observed during the 4- to
6-month pre-index period were lower ($2,927) than those in
the 3 months before the index date ($11,021; Figure 2). This
increase was largely driven by an increase in inpatient costs
from $1,418 (48.4% of total cost) to $7,171 (65.1% of total cost).
Across the 6-month pre-index period, pathology/lab testing
accounted for $196 (1.4% of total costs). Following first-line
therapy initiation, mean total per-patient costs at 6 months and
12 months were $117,325 and $162,550, respectively, driven
in large part by RT, with 72% of 12-month costs incurred in
the first 6 months. Again, the contribution of pathology/lab

432 Journal of Managed Care & Specialty Pharmacy jMCP  April 2019  Vol. 25, No. 4 www.jmep.org



A Real-World Claims Analysis of Costs and Patterns of Care in Treated Patients with Glioblastoma Multiforme in the United States

Second-Line Therapy

Mean Per-Patient Health Care Costs During 0-6 and 7-12 Months of First-Line Therapy and
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testing during this period was relatively low ($2,329; 1.4% of
total costs). After initiating second-line therapy, mean total
per-patient costs for the subsequent 6-month and 12-month
periods were $126,128 and $243,833, respectively, mainly a
consequence of systemic cancer therapy primarily attributable
to bevacizumab use. Pathology/lab testing costs accounted
for $2,474.47 (1.0% of total costs) during the 12 months after
second-line initiation.

I Discussion

This large, U.S.-based, real-world study described health care
treatment patterns routinely used in patients with GBM and
found a substantial cost burden throughout the treatment con-
tinuum. RT and temozolomide were most often used in first-
line therapy, in line with the standard of care for newly diag-
nosed GBM, as recommended by the National Comprehensive
Cancer Network (NCCN) guidelines.” Bevacizumab mono-
therapy or combination therapy was more frequently used
in second-line therapy, followed by temozolomide mono-
therapy and chemotherapy. These trends also align with
NCCN guidelines, which (in the absence of a suitable clinical
trial) recommend bevacizumab, bevacizumab + chemotherapy,
temozolomide, and other chemotherapies in the event of GBM
recurrence, although no strict preference between these regi-
mens is expressed.’” The high proportion of patients receiving
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bevacizumab monotherapy in the second-line setting may be
partly due to the corticosteroid-sparing benefits seen in some
patients with recurrent GBM.*

In the first-line setting, patients receiving RT alone had
generally stopped receiving treatment within 3 months. This
concurs with the American Society of Clinical Oncology and
American Society for Radiation Oncology guidance, which
recommends that RT be initiated within 3-6 weeks of diag-
nosis, and with a fractionation schedule typically lasting 3 or
6 weeks.?! Approximately 50% of patients receiving temozolo-
mide with or without concurrent RT had stopped receiving
treatment by 6 months in the first-line setting. The reasons for
this were beyond the scope of the current study, but most likely
reflect a combination of varying clinical practice, disease pro-
gression, and poor survival outcomes for patients with GBM.*?
Among patients receiving second-line therapy, bevacizumab
combination therapy and temozolomide monotherapy had the
greatest proportion of patients still receiving treatment at 6
and 9 months, respectively, with bevacizumab combination
having the greatest proportion of patients receiving treatment
12 months after second-line treatment initiation.

In previous analyses using Surveillance, Epidemiology, and
End Results (SEER)-Medicare data, substantial proportions of
patients with GBM were reported to receive no therapy.?**?
However, the earlier of these (reporting data from 1994 to
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2002) entirely preceded the influential findings of Stupp et al
(2005).2#* Although the later publication (reporting data from
1997 to 2010) captures some temozolomide use from 2005
onward,?* treatment rates remain low and may also be due to
the inclusion of untreated and nonsurgical patients, further
reducing the proportion receiving temozolomide + RT, whereas
our study excluded untreated and nonsurgical patients. One
further publication reported observational results from the
MarketScan database, as was used in the present study.*
However, that analysis lacks GBM therapy-related inclusion
criteria to further target the GBM population, which has been
used in the present study to mitigate inclusion of non-GBM
brain tumors. A later study using retrospective chart data from
patients with GBM diagnosed between 2010 and 2012 reported
that 76.5% received temozolomide as their first systemic ther-
apy after diagnosis.”® As 94.8% of these patients had received
RT after diagnosis, these findings are consistent with those
reported in the present study.

HCRU was high in the present study population, particularly
for outpatient and ED visits and hospitalizations, with patients
often using these services multiple times in the 12 months
following GBM diagnosis. Additionally, increased HCRU was
observed during the pre-index period, with inpatient and out-
patient visits rising sharply in the 3 months immediately before
diagnosis, presumably because of the appearance of symptoms
and consequent diagnostic procedures. The observed increase
in HCRU in the first 6 months after index is likely to be because
of surgical procedures administered after diagnosis. By line of
therapy, the primary cost drivers for patients with GBM were
RT during first-line treatment and systemic cancer therapy
attributed to bevacizumab use during second-line treatment;
medical costs inclusive of hospitalizations were high, irrespec-
tive of line of therapy.

In first-line and second-line settings, PPPM costs were high-
est in the first 2 months after initiating therapy. The 12-month
costs in the first-line setting were unevenly distributed, with
the majority of costs incurred in the first 6 months, whereas
the costs of second-line therapy were spread more uniformly
across the first 12 months of second-line therapy. The per-
patient economic burden of treating GBM is in excess of that
estimated for treatment of muscle invasive bladder cancer,*
metastatic head and neck cancer,’® and chronic lymphocytic
leukemia.” From a payer perspective, it should be noted that
the number of patients with follow-up (and thus contributing
to aggregate population costs) in both first-line and second-line
settings declined rapidly over time, with approximately 90%
of patients lost to follow-up by 12 months, most likely owing
to poor survival. The progressive decline of patients with
follow-up and high costs of care during the 12-month follow-
up period illustrates the substantial cost and mortality burden
of GBM and the urgent need for new treatment modalities to
improve survival prospects in this population.

A key strength of this retrospective study is that it enriches
our understanding of real-world clinical treatment patterns,
HCRU, and associated costs in the commercially insured popu-
lation compared with the controlled conditions of a clinical
trial. To our knowledge, this is the largest real-world analysis of
treatment patterns, costs, and HCRU in U.S. patients with GBM
and the first to assess changes in costs over time.

Limitations

Several limitations regarding this analysis should be noted.
First, information derived from administrative claims data is
collected for the purpose of reimbursement and not for analy-
sis. Therefore, the results from this study are dependent upon
the accuracy and completeness of the data recorded. In addi-
tion, the reason for loss to follow-up is not known.

Second, identification of GBM diagnosis was limited by the
broad ICD-9-CM code employed for all malignant brain can-
cers. Although additional inclusion and exclusion criteria were
used to better identify the target population, some patients
may have been misclassified as GBM or may have been omitted
from the analysis despite having GBM. Given these limitations,
GBM was further identified through the use of drug proxies,
and as a result, this study cannot provide insight regarding
outcomes of the untreated GBM population. This approach is
consistent with other SEER-Medicare analyses assessing simi-
lar target populations.?®*’

Third, it is possible that patients receiving therapy outside
the 3-month window used in this study would have been
excluded from analysis. However, such untreated patients are
likely to have advanced disease and extremely dismal progno-
ses,”> and a similar 3-month identification window has been
used in other SEER-Medicare reports assessing this target
population. 2?27

A fourth limitation concerns the absence of survival data
in claims analyses, with consequent lack of clarity on the
reason for loss to follow-up. Although it may be possible that
patients may have changed employers or discontinued health
care coverage, given the low survival reported for GBM from
other studies, mortality was the most likely reason for the large
proportion of patients lost to follow-up.

Finally, given that the present study describes and quanti-
fies real-world practice patterns for only those GBM patients
with employer-sponsored health care coverage and/or Medicare
supplemental coverage, the results may not be generalizable to
the overall GBM population in the United States.

B Conclusions

This large real-world study of patients diagnosed with GBM
underlines extensive HCRU including outpatient visits, ED
visits, hospitalizations, and associated costs, especially in the
6 months after initiating first-line therapy. Despite the substan-
tial HCRU and cost burden of this disease and the sharp decline
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in patients with follow-up, efficacious therapies for treating
GBM remain limited. Only 31.5% of patients with GBM receive
second-line therapy, and among those who receive first-line
therapy, treatment duration remains short, indicating potential
disease progression and mortality. Lack of availability of effica-
cious therapies in this clinical space constitutes an area of high
unmet need and is a prime target for accelerated approval. A
recent retrospective cohort study found that rapid access to
immuno-oncology agents has significantly improved outcomes
relative to patients who received standard-of-care treatment.*
Novel therapies are needed to improve patient outcomes and off-
set the substantial burden of disease among patients with GBM.
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N =019 Cohort Selection Process and Attrition

Diagnosis of malignant cancer of the brain
N=89,750 (100%)

\4

)

Surgery within 90 days of diagnosis
n=22,983 (26%)

No surgery within 90 days of diagnosis
n=66,767

\4

)

Received TMZ, RT, or both
n=13,057 (15%)

Did not receive TMZ, RT, or both
n=9,926

\4

)

Aged =18 years
n=12,539 (14%)

Aged <18 years
n=518

\4

)

>6 months of continuous enrollment
n=8,417 (9%)

<6 months of continuous enroliment
n=4,122

\4

)

Single primary diagnosis
n=4,751 (5%)

Secondary neoplasm
n=3,666

\4

)

No secondary brain metastases before index date
n=4,383 (5%)

Secondary brain metastases before index date
n=368

\4

)

No TMZ before diagnosis
n=4,383 (5%)

TMZ before diagnosis
n=3

\4

)

N N (N (N (N (N (N N

No off-label or nonstandard therapy as first line
n=4,073 (5%)

N N S WO W S N N -

Off-label or nonstandard therapy as first line
n=307

Patients with TMZ or RT as first-line treatment

N=4,071 (5%)

)

Received TMZ or RT in lines other than first
n=2

A S S W WA W S N

BEV =bevacizumab; RT =radiation therapy; TMZ = temozolomide.
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